Increased volume of trapped gas (VTG), indicating small airways dysfunction, was found among 14 never smoking non-atopic welders who had worked for 10-31 (mean 22) years in their occupation.
Spirometry and nitrogen wash out data were compared with those from a reference group of 14 never smoking men not exposed to welding. A methacholine provocation test was carried out. The effect was measured by change in forced expiratory volume in one second (FEVI) and VTG. The maximum decrease in FEV1 after inhalation of methacholine was 6% in welders and 2% among referents. Before provoca.tion VTG and VTG total lung capacity (TLC) was higher among welders (127 ml v 98 ml and 1-76% v 1-38%). The increase in VTG and VTG/TLC was higher in welders after inhalation of methacholine at concentrations of 0-001% to 2% and remained increased after inhalation of salbutamol. The differences indicate small airways disease among shipyard welders.
Manual metal arc welding produces airborne particles of which 50% are in the diameter range 0 3 to 0 6 gm, thus they are respirable and likely to deposit in small airways or alveoli. Small airways are defined as airways having a diameter smaller than 2 mm.' It is suggested that small airways disease might be a forerunner of chronic obstructive lung disease.23 Because the total luminal cross section is very large in peripheral lung, small airways disease will cause no major alteration in the total airways resistance (Raw) and is not detected by methods using tests for resistance in large airways such as forced expiratory volume in one second (FEVI). Cigarette smoking may induce small airways disease in subjects with normal function in the large airways. 
Discussion
Our main result was the increase of VTG in welders, which indicates dysfunction in small airways. Also, we found an increase in VTG after provocation with methacholine, suggesting hyperreactivity in the small airways. The increase in VTG (in combination with the lack of full reversibility to initial VTG after salbutamol) despite a normal FEV, might be due to residual spasm in small airways. Such a reaction pattern is also often seen in exercise induced asthma."3 The VTG is a sensitive indicator of asthma and might increase to well over 1000 ml in clinical asthma. '3 The small initial increase in VTG among welders after inhalation at the lowest concentration of 0-001% methacholine is not specific but due to reaction to the saline of the aerosol and it indicates highly reactive small airways. We have seen similar reactions when giving a nebulised inhalation of physiological saline to subjects with known bronchial hyperreactivity (unpublished observation).
The increase in VTG and reactivity were not For the early diagnosis of welding bronchitis the use of expiratory flow volume curves (V50, V75, peak expiratory flow) have been used but have limitations due to their large variability"6; FEV1, on the other hand, is a more reliable measurement of impairment of lung function, with a low variability in repeated measurements. In the present study FEV, in the welder group was not different from that in the reference group, indicating normal large airways. Thus measurement of FEV1 alone or in combination with a methacholine provocation test seems insufficiently sensitive to detect a symptom free obstructive disease at this stage when still confined to small airways.
The adverse effect of welding fume on shipyard welders has been found to be affected by atopy and personal smoking.'6 Our findings, however, indicate a small airways dysfunction among shipyard welders in the absence of atopy and smoking.
An increase in VTG is also in accordance with morphological findings of bronchiolitis in small airways where goblet cell metaplasia, inflammatory infiltrates, and increase in connective tissue with peribronchial fibrosis have been found. '7 Because prevalence of asthmatic symptoms among welders is high, a strong selection of healthy welders probably exists. In the company employment lists we found few welders still working up to the retirement age of 65 years. The increase of VTG found thus underestimates the true prevalence of small airways dysfunction among welders.
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